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PROCESSING DEVICE 
fiACKGRQUND T'HE INVENTION 

1 Field of the Invention 

The present invention relates to a reflection-type 
optical sensor having a light-emitting element and a iight- 
.eceiving element for detecting an object, a carriage 
capable of moving over the object to be detected, and a data 
processing device that performs a data control procese for 
the object while the object is moved- 
2. Description of Related Art 

A reflection-type optical sensor such as that 
disclosed in Japanese unexamined patent application 
publication NO. HEl-6-222156 is well known in the art for 
detecting objects with a light-emitting element and a light- 
receiving element. The light-emitting and light- receiving 
elements of the reflection-type optical sensor are disposed 
at different angles in relation to the object. The light- 
emitting element emits a beam of light at a prescribed 
incident angle on the object, while the light-receiving 
element detects the presence of the object upon receiving 
light reflected from the object. 

In order that light emitted from the light-emitting 
element can be reliably reflected onto the light-receiving 
element, the reflection-type optical sensor is configured 
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with a llght-endtting eleiaent having high directivity (a 
narrow beam spread) and a light-receiving element having 
high directivity (narrow light receiving angle) . 

SUMMARY OF THR INVEMTION 
The reflection-type optical sensor can detect an 
object by being mounted on a carriage, for example, that is 
configured to move over the object. The reflection-type 
optical sensor can also be used in a data processing device 
that performs a data control process for the object, when 
the object is moved by some moving mechanism. 

However, in the reflection-type optical sensor of the 
aforementioned publication, a slight variation in the 
incident angle of emitted light can cause a large change in 
the angle of reflected light, making it impossible for the 
light-receiving element to receive the reflected light. 
Therefore, the positions (angles) at which the light- 
emitting element and light-receiving element are disposed in 
relation to the object must be set precisely so that the 
incident angle of the light-emitting element is equivalent 
to the receiving angle of the light-receiving element. 
However, even a slight error in positioning can greatly 
influence errors in detection, and it is difficult to 
position the elements precisely. 

Alternatively, there exist in the art a light-emitting 
element and light-receiving element having low directivity 
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(a wid^ beam spread of emitted light and a wid receiving 
angle) that are inexpensive and allow greater error in the 
positioning angles. If a reflection-type optical sensor 
were configoired of these light-emitting and light-receiving 
elements, this conceivable reflection-type optical sensor 
can suppress decreases in detection precision caused by 
errors in the angular positioning and can be provided at a 
lower cost. 

However, the conceivable reflection-type optical 
sensor configured of light- emitting and light-receiving 
elements having low directivity is capable of detecting an 
object over a wide area. This reduces detection accuracy 
when the desired area of detection is narrower. More 
specifically, the conceivable reflection-type optical sensor 
using elements with low directivity are strongly affected by 
disturbance light reflected from regions outside the desired 
area of detection due to the wide spread of the beam emitted 
from the light-emitting element and the broad angle of 
reception by the light-receiving element. This disturbance 
may lower the detection accuracy of the reflection-type 

optical sensor. 

A carriage or a data processing device configured with 
this reflection-type optical sensor has lower detection 
accuracy due to the effects of disturbance in areas outside 
the desired detection area. Accordingly, the carriage or 
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data processing device has poor accuracy when d tecting 
positioning of the object. 

Further, when the light-emitting element and light- 
receiving element are positioned facing the object from 
differing angles, the reflection-type optical sensor with 
this construction has to be configured with a larger 
capacity in order to ensure enough internal space for 
accommodating this arrangement of elements. When the sensor 
is larger the number of applications for the sensor becomes 
limited due to the limited available space for installing 

the sensor, for example - 

in view of the foregoing, it is an object of the 
present invention to provide a reflection-type optical 
sensor capable of suppressing a reduction in detection 
accuracy due to errors in the angular positioning of the 
elements, while keeping costs down, and capable of 
suppressing a reduction in detection accuracy due to 
external disturbances, while being manufactured at a reduced 
size. 

It is another object of the present invention to 
provide a carriage and a data processing device provided 
with this type of reflection-type optical sensor. 

In order to attain the above and other objects, the 
present invention provides a reflection-type optical sensor 
for detecting an object, the sensor comprising: a light- 
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exnitting element having a central axis extending in a 
predetermined direction that extends substantially normal to 
a surface of an object to be detected and having a light- 
en^tting portion that emits a detecting light onto the 
surface of the object, the detecting light traveling toward 
the surface of the object to define an irradiated region on 
the object; a light-receiving element having a central axis 
extending parallel with the central axis of the light- 
emitting element and having a light-receiving portion that 
receives a reflected light that has reflected off a 
reflecting region on the object, the reflecting region and 
the irradiated region overlapping at an overlapping region 
on the surface of the object; and a restricting meptoer 
having a restricting portion defining an opening that allows 
a part of the detecting light and a part of the reflected 
light to pass therethrough, the restricting portion 
restricting a size of the opening to reduce an area of the 
overlapping region on the surface of the object. 

According to another aspect, the present invention 
provides a carriage for moving over an object and for 
detecting the object, the carriage comprising: a moving 
member that moves over the object; and a detecting unit that 
is provided on the moving member and that detects the object 
to determine a position of the object, the detecting unit 
including a reflection-type optical sensor, the reflection- 
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t^ype optical sensor including: a light-emitting el^ent 
having a central axis extending in a predetermined direction 
that extends substantially normal to a surface of the object 
to be detected and having a light-emitting portion that 
emits a detecting light onto the surface of the object, the 
detecting light traveling toward the surface of the object 
to define an irradiated region on the object; a light- 
receiving element having a central axis extending parallel 
with the central axis of the light -emitting element and 
having a light-receiving portion that receives a reflected 
light that has reflected off a reflecting region on the 
object, the reflecting region and the irradiated region 
overlapping at an overlapping region on the surface of the 
object; and a restricting member having a restricting 
portion defining an opening that allows a part of the 
detecting light and a part of the reflected light to pass 
therethrough, the restricting portion restricting a size of 
the opening to reduce an area of the overlapping region on 
the surface of the object. 

According to another aspect, the present invention 
provides a data processing device, comprising: a moving 
member that moves over an object; a detecting unit that 
moves together with the moving member and that detects the 
object, the detecting unit including a reflection-type 
optical sensor for detecting an edge of the object, the 
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reflection-type optical sensor including: a light-exuitting 
element having a central axis extending in a predetermined 
direction that extends substantially normal to a surface of 
^»,e object to be detected and having a light-emitting 
portion that emits a detecting light onto the surface of the 
object, the detecting light traveling toward the surface of 
the object to define an irradiated region on the object; a 
light-receiving element having a central axis extending 
parallel with the central axis of the light-emitting element 
and having a light-receiving portion that receives a 
reflected light that has reflected off a reflecting region 
on the object, the reflecting region and the irradiated 
region overlapping at an overlapping region on the surface 
of the object; and a restricting member having a restricting 
portion defining an opening that allows a part of the 
detecting light and a part of the reflected light to pass 
therethrough, the restricting portion restricting a size of 
the opening to reduce an area of the overlapping region on 
the surface of the object; a movement control unit 
controlling the moving member to move reciprocally? an 
object moving unit moving the object in a direction 
different from the direction, in which the movement control 
unit controls the moving member to move; and a process 
executing unit that is moved together with the moving member 
and that performs, based on detection results obtained by 
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the detecting unit, a data control process including at 
least one of a data adding process for adding data to the 
object and a data acquiring process for acquiring data from 
the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a perspective view showing a multifunction 
device equipped with a printer function, copier function, 
scanner function,. facsimile function, and telephone 
function; 

Fig. 2 is a plan view showing the internal 
construction of a printer provided in the multifunction 
device; 

Fig. 3 is a block diagram showing the electrical 
configuration of a control process unit provided in the 
multifunction device; 

Fig, 4 is an explanatory diagram showing the cross- 
sectional structure of a media sensor mounted on a carriage 
(print head) provided in the multifunction device; 

Fig. 5(a) is an explanatory diagram showing a target 
detection area of the media sensor; 

Fig- 5(b) is an explanatory diagram showing a target 
detection area of a main sensor unit; 

Fig. 6(a) is an explanatory diagram showing a target 
detection area of the media sensor when the light-emitting 
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element and light-receiving element are aligned with a first 
scanning direction; 

Fig. 6(b) is a graph showing the waveform of sensor 
output for paper edge detection when the media sensor is 
moved in the first scanning direction that is equivalent to 
the direction in which the light-emitting element and light- 
receiving element are aligned; 

Fig. 6(c) is a graph showing the waveform of sensor 
output for paper edge detection when the media sensor is 
moved in a second direction that is perpendicular to the 
direction in which the light-emitting element and light- 
receiving element are aligned; 

Fig. 6(d) is an explanatory diagram showing a target 
detection area of the media sensor when the light-emitting 
element and light-receiving element are aligned with the 
second scanning direction; 

Fig, 7 is a graph showing values of sensor output that 
were measured while the inner diameter of an opening formed 
in the cap member was varied; 

Fig. 8 is an explanatory diagram showing the cross- 
sectional structure of a modification of the media sensor 
that is provided with a modification of the cap member that 
has two openings; and 

Fig. 9 is an explanatory diagram showing a target 
detection area of the media sensor of Fig. 8. 
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R reflection-type cptiMl sensor, a «rria,e, and a 
aata proceesin, device acoordin, to a preferred e,*odi.e« 
o£ the present invention will be described while referring to 
the acoo-panyin, drawing, -herein like part, and components 
ere designated by the sa». reference n«eral. to avoid 

duplicating description. 

Fig, 1 is a perspective view of a T,.ultif unction device 
1 of the preferred embodiment, tc which the present 
invention is applied. The multifunction device has a 
printer function, a copier function, a scanner function, a 
facsimile function, a telephone function, and the like. 

AS shown in Fig. 1, a paper supplying unit 2 is 
provided in the rear section of the multifunction device 1. 
An Inkjet printer 3 is provided in front of and below the 
paper supplying unit 2. A scanning unit 4 for implementing 
the copier function and facsimile function is provided above 
the printer 3. A discharge tray 5 is provided on the front 
aide of the printer 3. An operating panel 6 is provided on 
the top surface on the front end of the scanning unit 4, 

The paper supplying unit 2 includes a sloped wall 
section 66 for maintaining paper in a sloped posture, and an 
extended paper guide plate 67 detachably mounted on the wall 
section 66. A plurality of sheets of paper can be stacked 
in the paper supplying unit 2. A paper feed motor 65 (see 
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Fig. 3). a feeding roller (not shovmK and the like are 
built into the wall section 66. When driven to rotate by 
the paper feed motor 65, the feeding roller conveys a sheet 
of paper toward the printer 3. 

Next the printer 3 will be described in greater detail. 
Fig. 2 is a plan view showing the internal construction of 

the printer 3. 

As shown in Fig. 2, the printer 3 includes a print 
head 10, a carriage 11, a guide mechanism 12, a carriage 
moving mechanism 13, a paper conveying mechanism 14, and a 
maintenance mechanism 15 for the print head 10. The print 
head 10 is mounted on the carriage 11. The guide mechanism 
12 supports and guides the carriage 11 so that the carriage 
11 can move reciprocally in a scanning direction, which is 
the left-to-right direction in Fig. 2. The carriage moving 
mechanism 13 moves the carriage 11 in the left-to-right 
direction. The paper conveying mechanism 14 conveys paper 
supplied by the paper supplying unit 2. 

A rectangular frame 16 that is long in the left-to- 
right dimension and that is short in the front-to-rear 
direction is provided in the printer 3. various components 
are mounted on the rectangular frame 16, including the guide 
mechanism 12, carriage moving mechanism 13, paper conveying 
mechanism 14, and maintenance mechanism 15. The print head 
10 and carriage 11 are also accommodated inside the 
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ic as to be capable of moving 

rectangular frame 16 so as to o i' 

reciprocally left and right. 

The rectangular frame 16 includes a rear plate 16a and 
a front plate 16b. A paper introducing opening and paper 
discharging opening (not shown) are formed in the rear plate 
16a and front plate l6b, respectively. Paper supplied by 
the paper supplying unit 2 is introduced into the 
rectangular frame 16 via the paper introducing opening, 
conveyed to the front of the rectangular frame 16 by the 
paper conveying mechanism 14, and discharged through the 
paper discharging opening onto the discharge tray 5 (Fig- D 
on the front of the multifunction device 1. A black platen 
17 having a plurality of ribs is mounted on the bottom 
surface of the rectangular frame 16. The print head 10 
performs a printing operation on paper inside the 
rectangular frame 16 as the paper moves over the black 

platen 17. . 

The print head 10 is provided with four sets of ink 
nozzles lOa-lOd that point downward. Paper is printed on by 
ejecting four colors (black, cyan, yellow, and magenta) of 
ink downward through these sets of ink nozzles lOa-lOd. 
Since the four sets of ink nozzles lOa-lOd are disposed on 
the bottom side of the print head 10, their positions are 
represented by broken lines in Fig. 2. 

ink cartridges 21a-21d for each of the four colors are 
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mounted in a cartridge holder 20 on the front side of the 
rectangular frame 16- The ink cartridges 21a-21d are 
connected to the print head 10 via four flexible ink tubes 
22a-22d that pass through the rectangular frame 16 in order 
to supply ink of each of the four colors to the print head 
10. 

Left and right flexible printed circuits CFPC) 23 and 

24 are disposed inside the rectangular frame 16. The left 
FPC 23 extends together with the flexible ink tube 22a and 
flexible ink tube 22b and connects to the print head 10. 
The right FPC 24 extends together with the flexible ink tube 
22c and flexible ink tub© 22d and connects to the print head 
10, The left FPC 23 and right FPC 24 include a plurality of 
signal lines that electrically connect the print head 10 to 
a control process unit 70 (shown in Fig. 3) described later. 

The guide mechanism 12 has a guide shaft 25 and a 
guide rail 26. The guide shaft 25 extends left-to-right in 
the back part of the rectangular frame 16. The left and 
right ends of the guide shaft 25 are coupled with a left 
plate 16c and a right plate 16d, respectively, of the 
rectangular frame 16. The guide rail 26 extends left-to- 
right in the front part of the rectangular frame 16. The 
rear end of the carriage 11 is fitted over the guide shaft 

25 so as to be capable of sliding along the same, while the 
front end of the carriage 11 is engaged with the guide rail 
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26 and capable of sliding along the same. 

The carriage moving mechanism 13 includes a carriage 
motor 30, a drive pulley 31, a follow pulley 32, and a belt 
33. The carriage motor 30 is mounted on the rectangular 
frame 16 at the rear side of the rear plate 16a on the right 
end and facing front. The drive pulley 31 is rotatably 
supported on the right end of the rear plate l€a and is 
driven to rotate by the carriage motor 30. The follow 
pulley 32 is rotatably supported on the left end of the rear 
plate 16a. The belt 33 is looped around the pulleys 31 and 
32 and fixed to the carriage 11. A carriage conveyance 
encoder 39 is disposed near the carriage raotor 30 for 
detecting movement (position) of the carriage 11 (print head 
10). 

The paper conveying mechanism 14 includes a paper 
conveying motor 40, a registration roller 41, a drive pulley 
42, a follow pulley 43, and a belt 44. The paper conveying 
motor 40 is mounted facing leftward on the portion of the 
left plate 16c that protrudes further rearward than the rear 
plate 16a. The registration roller 41 extends in the left- 
to-right direction in the rectangular frame 16 below the 
guide shaft 25. The left and right ends of the registration 
roller 41 are rotatably supported in the left plate 16c and 
right plate 16d, respectively. The drive pulley 42 is 
driven to rotate by the paper conveying motor 40. The 
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follow pulley 43 is coupled to the left end of the 
registration roller Al. The belt 44 is looped around the 
pulleys 42 and 43. When the paper conveying laotor 40 is 
driven, the registration roller 41 rotates and convey, paper 
on the platen 17 in the rear-to-front direction. While the 
registration roller 41 is emphasized in Fig. 2, the 
registration roller 41 is actually disposed beneath the 

guide shaft 25. 

The paper conveying mechanism 14 further includes a 
discharge roller 45, a follow pulley 46, a follow pulley 47, 
and a belt 48. The discharge roller 45 extends in the left- 
to-right direction in the front section of the rectangular 
frame 16. The left and right ends of the discharge roller 
45 are rotatably supported in the left plate 16c and right 
plate 16d, respectively. The follow pulley 46 is integrally 
provided with the follow pulley 43. The follow pulley 47 ia 
coupled to the left end of the discharge roller 45. The 
belt 48 is looped around the pulleys 46 and 47. When the 
paper conveying motor 40 is driven, the discharge roller 45 
rotates and discharges paper toward the discharge tray 5 in 
the front of the multifunction device 1- 

An encoder disk 51 is fixed to the follow pulley 43. 
A photo interrupter 52 having a light-emitting unit and a 
light-receiving unit is niounted on the left plate 16c such 
that the encoder disk 51 is interposed between the light- 



15 



emitting unit and light- receiving unit. The encoder disk 51 
and photo interrupter 52 together make up a paper conveyance 
encoder 50. The control process unit 70 described later 
controls the driving of the paper conveying motor 40 based 
on detection signals from the paper conveyance encoder 50 
(more specifically, from the photo interrupter 52) . 

The maintenance mechanism 15 includes a wiper I5a, two 
caps 15b. and a drive motor 15c. The wiper l5a wipes the 
surface of the print head 10. Each of the caps 15b can 
hermetically seal two sets of the ink nozzles lOa-lOd. The 
drive motor 15c drives both of the wiper 15a and caps 15b. 
The wiper 15a, caps 15b, and drive motor 15c are mounted on 
a mounting plate 15d. The mounting plate 15d is fixed to 
the lower surface side of the bottom plate of the 
rectangular frame 16 at its right portion. Since the caps 
I5b are disposed on the bottom side of the print head 10, 
dotted lines indicate the positions of the caps 15b on the 
opposite side in Fig. 2. 

As shown in Fig. 2, a media sensor 68 is provided on 
the left end of the print head 10 as a downstream sensor for 
detecting the leading edge, trailing edge, and widthwise 
edges of the paper. The media sensor 68 is a reflection- 
type optical sensor that includes a light-emitting element 
82 (light-emitting diode) having a light-emitting portion 
82a and a light-receiving unit 83 (phototransistor) having a 
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light-receiving portion 83a as shown in Fig. 4. The media 
sensor 68 is mounted face down on a sensor mounting unit lOe 
that protrudes to the left side of the print head 10. The 
media sensor 68 moves in the carriage-moving direction when 
the carriage 11 moves In the carriage-moving direction. 
When the media sensor 68 is located above an area inside the 
paper P, the media sensor 68 confronts the sheet of paper P- 
When the media sensor 68 is located above the area outside 
the paper P, the media sensor 68 confronts the platen 17. 

In addition, a registration sensor 69 (see Pig. 3) is 
disposed upstream (rearward) of the media sensor 68 in the 
paper conveying direction as the upstream sensor for 
detecting the existence of paper and the leading edge and 
trailing edge of the paper. More specifically, the 
registration sensor 69 is mounted in the front end of a top 
cover (not shown) provided in the paper supplying unit 2 
that forms a conveying path in the paper supplying unit 2. 

The registration sensor 69 can be configured, for 
example, by a mechanical sensor having a probe, a photo 
interrupter, and a torsion spring. The probe protrudes into 
the paper conveying path and rotates when contacted by the 
paper. The photo interrupter includes a light-emitting unit 
and a light-receiving unit for detecting rotation of the 
probe. The torsion spring urges the probe into the paper 
conveying path. A shielding part is integrally provided on 
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the probe. «hen the probe is rotated by contact from paper, 
the shielding part becomes positioned in regions outside the 
araa between the light-emitting unit and the light-receiving 
unit o£ the photo interrupter. Therefore, when light is 
transmitted from the light-endtting unit to the lights 
receiving unit, the registration sensor 69 is in an ON state. 
Since the probe is urged into the paper conveying path by 
the torsion spring when paper is not being conveyed, the 
shielding part becomes positioned between the light- emitting 
unit and light-receiving unit of the photo interrupter at 
this time. Hence, the shielding part interrupts the 
transmission of light from the light-emitting unit to the 
light-receiving unit, placing the registration sensor 69 in 
an OFF state. 

Next, the control process unit 70 will be described in 
greater detail. Fig. 3 is a block diagram showing the 
electric configuration of the control process unit 70. 

AS shown in Fig. 3, the control process unit 70 
includes a microcomputer having a CPU 71, a ROM 72, a RAM 73, 
and an EEPROM 74. The registration sensor 69, media sensor 
68, paper conveyance encoder 50, operating panel 6, carriage 
conveyance encoder 39, and the like are electrically 
connected to the control process unit 70. 

Also electrically connected to the control process 
unit 70 are drive circuits 76a-76c, and a print head drive 
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circuit 76d. The drive circuits 76a-76c drive the paper 
feed motor 65, the paper conveying motor 40, and the 
carriage motor 30, respectively. The print head drive 
circuit 76d drives the print head 10. The control process 
unit 70 is also capable of being connected to a personal 
computer 77. 

Based on results from the media sensor 68 for 
detecting a paper P, the control process unit 70 outputs a 
carriage control command signal to the carriage moving 
mechanism 13 for moving the relative position of the 
carriage 11 with resepct to the paper P closer to a target 
relative position that is determined based on a printing 
content to be printed. The carriage moving mechanism 13 
drives the carriage motor 30 based on the received carriage 
control command signals in order to move the carriage 11 
reciprocally along the guide shaft 25 so that the relative 
position of the carriage 11 with respect to the paper P 
approach the target relative position. 

Next, the structure of the media sensor 68 will be 
described in more detail. Fig. 4 is an explanatory diagram 
showing the cross-sectional structure of the media sensor 68 
mounted on the print head 10 (carriage 11) . The view of the 
media sensor 68 in Fig. 4 is from the rear side of the 
printer 3. 

As shown in Fig. 4, the media sensor 68 includes: a 
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niain sensor unit 80 and a cap 85. The main sensor unit 80 
is in a cylindrical shape, and has a light-emitting element 
82, a light-receiving element 83, and a filling material 81. 
The cap 85 has a cylindrical shape that is capable of 
accommodating the main sensor unit 80. The main sensor unit 
80 is mounted inside the cap 85. The cap 85 has a bottom 

wall portion 85a. 

The light-emitting element 82 is substantially 
cylindrical in shape having a central axis 82c and having an 
outer diameter of 2.2 mm. The light-emitting element 82 
has one axial end (the bottom end in Fig. 4) that is formed 
in a hemispherical shape. The light-emitting element 82 has 
an emission portion 82a on the hemispherical bottom end. 
The emission portion 82a is located substantially on the 
central axis 82c. The light-emitting element 82 has low 
directivity. That is, the emission portion 82a emits a 
detecting light in a broad angle. (The emission angle 
corresponds to the directivity.) The emission portion 82a 
emits a detecting light downwardly, that is, in a direction 
toward the platen 17 at the broad emitting angle. The light 
emitted from the emission portion 82c therefore travels in a 
direction along the central axis 82c toward the platen 17 
while being spread with an amount of the emitting angle. 
When the sheet of paper P is located below the media sensor 
68 and on the platen 17, the emission portion 82a emits a 
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detecting light toward the paper P at the broad emitting 
angle. The light emitted from the emission portion 82c 
travels in a direction along the central axis 82c toward the 
paper P while being spread with an amount of the emitting 
angle. 

The light-receiving element 83 is substantially 
cylindrical in shape having a central axis 83c and having an 
outer diameter of 2.2 mm. The light-receiving element 83 
has one axial end (the bottom end in Fig. 4) that is formed 
in a hemispherical shape. The light-receiving element 83 
has a light-receiving portion 83a on the hemispherical 
bottom end. The light-receiving portion 83a is located 
siAstantially on the central axis 83c. The light-receiving 
element 83 has low directivity. That ia, the light- 
receiving portion 83a receives light over a broad angle. 
(The light-receiving angle corresponds to the directivity.) 
The light-receiving portion 83a receives external light over 
the broad light -receiving angle. When no paper P is located 
below the media sensor 68, the light -receiving portion 83a 
receives light that is reflected off the platen 17 and that 
travels and reaches the light-receiving portion 83a in a 
direction that is included within the light-receiving angle 
of the light-receiving element 83 around the central axis 
83c. When the paper P is located below the media sensor 68, 
the light- receiving portion 83a receives light that is 
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reflected off the paper P and that travels and reaches the 
light-receiving portion 83a in a direction that is included 
within the light-receiving angle of the light-receiving 
element 83 around the central axis 83c. 

The light-emitting element 82 and light-receiving 
element 83 are disposed such that their central axes 82c and 
83C are substantially parallel to each other and are 
substantially perpendicular to or normal to the upper 
surface (detecting surface) of the platen 17. When the 
paper P is located on the platen 17, the central axes 82c 
and 83c are substantially perpendicular to or normal to the 
upper surface (detecting surface) of the paper P. 

In this example, the filling material 81 is made of 
resin that has light -shielding property, and has an end 
surface 81a at its bottom portion. For example, the filling 
material 81 is made of color resin. The light-emitting 
element 82 and light-receiving element 83 are supported by 
the filling material 81 with the centers of the emission 
portion 82a and the light-receiving portion 83a being 
exposed on the end surface 81a. The emission portion 82a 
and light-receiving portion 83a are disposed in the cap 85 
with their centers being positioned on the end surface 81a 
with a gap of 2.8 mm therebetween. 

As mentioned above, the cap 85 has the bottom wall 
portion 85a. In addition, a common opening 85b is fomed 
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through the bottom wall portion 85a to allow the passage of 
detecting light and reflected light. The bottom wall 
portion 85a is formed so as to reduce the area o£ overlap 
between the area on the platen 17 (or the paper P) on which 
detecting light from the light-emitting portion 82a is 
irradiated and the area on the platen 17 {or the paper P) 
from which reflected light can be received by the light- 
receiving portion 83a. The common opening 85b is circular 
in shape having an inner diameter Xc of 3.0 mm. The bottom 
wall portion 85a has a thickness xd of 1.0 mm. An interior 
gap Xa between an inner surface of the bottom wall portion 
85a and the end surface 81a of the fillter material 81 (the 
light -emitting portion 82a and the light-receiving portion 
B3a) is set to 5.0 mm. In other words, the gap between the 
inner surface of the bottom wall portion 85a and the light- 
emitting portion 82a, and the gap between the inner surface 
of the bottom wall portion 8Sa and the light-receiving 
portion 83a arc equal to each other and are set to 5.0 mm. 

The media sensor 68 is mo\inted on the sensor mounting 
unit lOe of the print head 10. An outer gap Xb from the 
outer surface of the bottom wall portion 85a to an imaginary 
plane, on which the platen 17 and the sheet of papea^ P are 
located, is 5.0 mm. The media sensor 68 is mounted on the 
sensor mounting unit lOe such that the center of the common 
opening 85b is aligned with an imaginary line 85c that is 
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perpendicular to or normal to the surface of the platen 17 
(the surface of the paper P) and that extends from the 
approximate center of a line segment LO that connects the 
center of the emission portion 82a to the center of the 
light-receiving portion 83a. 

Next, the size of. the region in which an object is 
detectable (target detection area) by the media sensor 68 
will be described with reference to Figs. 5(a) and S(b). 
The description will show the difference in the size of this 
target detection area when the main sensor unit 80 is 
combined with the cap 85 into the media sensor 68, and when 
the main sensor unit 80 is not covered by the cap 85. 

Fig. 5(a) is an explanatory diagram illustrating a 
target detection area SI of the media sensor 68 (combination 
of the main sensor unit 80 and the cap 85). Fig. 5(b) is an 
explanatory diagram illustrating a target detection area S2 
of the main sensor unit 80, per se. 

AS shown in Fig. 5(b), in the standalone main sensor 
unit 80, the target detection area S2 is defined as a region 
in which an irradiation area S2a of detecting light 
irradiated by the light-emitting element 82 overlaps a 
light-receiving area S2b from which reflected light can be 
received by the light-receiving element 83. The irradiation 
area S2a is determined dependently on the directivity 
(emission angle) of the light-emitting element 82, while the 
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iight-recelvlng area S2b is determined dependently on the 
directivity (light-receiving angle) of the light-receiving 
element 83. The target detection area S2. the irradiation 
area S2a, and the light-receiving area S2b are defined on 
the imaginary plane, on which the sheet of paper P and the 
platen 17 are located. 

AS shown in Fig. 5(a), the target detection area SI is 
defined as an area in which an irradiation area Sla of 
detecting light that is irradiated by the light- emitting 
element 82 and that is restricted by the common opening 85b 
overlaps a light-receiving area Sib from which reflected 
light regulated by the common opening 85b can be received by 
the light-receiving clement 83. The target detection area 
SI, the irradiation area Sla, and the light-receiving area 
Sib are defined on the imaginary plane, on which the sheet 
of paper P and the platen 17 are located. 

Since the media sensor 68 is provided with the cap 85 
for covering the emission portion 82a and light-receiving 
portion B3a, the angular range of light emitted from the 
light-emitting element 82 and the angular range of light 
that can be received by the light-receiving element 83 is 
restricted. As a result, the target detection area SI of 
the media sensor 68 is smaller than the target detection 
area S2 of the main sensor unit 80. 

When an intended area of detection (desired detection 
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area) is small, the larger th target det ction area of the 
sensor, the more the sensor is suaceptible to the influence 
of disturbance outside the desired detection area and, thus, 
the greater the detection error and the less the detection 
accuracy. When detecting the edge o£ the paper P, the 
desired detection area is a boundary line between the paper 
P and the area outside the paper P (black platen 17), which 

is. an extremely small area. 

As illustrated in Figs. S (a) and 5(b), the media 
sensor 68 can reduce the target detection area 51 to an area 
smaller than that of the target detection area S2 of the 
standalone main sensor unit 80. Therefore, the media sensor 
68 can prevent a decline in detection accuracy for the 
application of detecting the edge of the paper P. 

Further, the media sensor 68 is mounted on the sensor 
mounting unit lOe of the print head 10 such that the light- 
emitting element 82 and light-receiving element 83 are 
aligned with the scanning direction (direction of movement) 
of the carriage 11. 

Next, the shape of the target detection area SI will 
be described in more detail with reference to Figs. 6(a) - 
6(c). 

Fig. 6(a) shows the target detection area SI of the 
media sensor 68, along with the irradiation area Sla for 
detecting light emitted by the light-emitting element 82 and 
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the light-receiving area Sib of the light-receiving element 
83. The light-emitting element 82 and the light-receiving 
element 83 are aligned with a first scanning direction in 
Fig. 6(a). The target detection area Si is substantially 
elliptical in shape having a size (width) Lw in the 
direction (left-to-right in the drawing), in which the 
light-emitting element 82 and the light-receiving element 83 
are aligned, and another size (length) Lh in another 
direction (top-to-bottom in the drawing) that is 
perpendicular to the direction, in which the light-emitting 
element 82 and the light-receiving element 83 are aligned. 
The width Lw is shorter than the length Lh. In other words, 
the target detection area Si has the width Lw in the first 
scanning direction and the length Lh in a second scanning 
direction that is perpendicular to the first scanning 
direction. 

Fig. 6(b) is a graph showing the waveform (first 
sensor output waveform) of sensor output (output of the 
light-receiving element 83) for detecting the edge of the 
paper P when the media sensor 68 is moved along the first 
scanning direction (Fig. 6(a)) in which the light-emitting 
element 82 and light-receiving element 83 are disposed. Fig. 
6(c) is a graph showing the waveform (second sensor output 
waveform) of sensor output (output of the light-receiving 
element 83) for detecting the edge of the paper P when the 
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nvedia sensor 68 is moved in the second scanning direction 
(Fig. 6(a)) that is perpendicular to the first scanning 
direction in which the light-emitting element 82 and light- 
receiving element 83 are disposed. In the graphs of both of 
Fig. 6(b) and Fig. 6(c), the vertical axis indicates the 
value for sensor output (voltage) , while the horizontal axis 
represents the amount of movement of the media sensor 68. 

The media sensor 68 has a characteristic that the 
output value of the sensor (voltage) grows larger as the 
color of the object in the target detection area SI 
approaches white and grows smaller as the color of the 
object approaches black. Accordingly, the output of the 
media sensor 68 switches to HIGH level when the paper P is 
located on the target detection area SI and LOW level when 
the paper P is not located on the target detection area SI 
but the black platen 17 is located on the target detection 
area SI. In other words, the output of the media sensor 68 
switches to HIGH level when the paper P is detected and LOW 
level when the paper P is not detected but the blaclc platen 
17 is detected. However, when both the paper P and the 
black platen 17 are present in the target detection area SI, 
the sensor output value varies according to the percentage 
of area occupied by each. 

As the width of the interval (distance) in which the 
sensor output varies between LOW level and HIGH level 
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increases, the sensor response becomes slower and the error 
for paper edge detection increases. 

As shown in Figs. 6(b) and 6(c), an output variation 
interval Wl for the first sensor output waveform is smaller 
than an output variation interval W2 for the second sensor 
output waveform. Hence, when detecting an edge of the paper 
P using the media sensor 68, detection errors can be 
suppressed by moving the media sensor 68 in the first 
scanning direction, in which the light-emitting element 82 
and the light-receiving element 83 are aligned, and not in 
the second scanning direction. 

In the preferred embodiment, in order to dectect the 
left and right edges of the paper P, the light-emitting 
element 82 and the light-receiving element 83 of the media 
sensor 68 are aligned with the scanning direction of. the 
carriage 11. That is, the light-emitting element 82 and the 
light-receiving element 83 are aligned with the carriage- 
scanning direction (first scanning direction of Fig. 6(a)), 
and are scanned in the carriage-scanning direction (first 
scanning direction of Fig. 6(a)). This arrangement reduces 
detection errors by decreasing the width of the output 
variation interval as shown in Fig. 6(b). 

It is noted that if the media sensor 68 having the 
light-emitting element 82 and the light-receiving element 83 
arranged in the first scanning direction (carriage moving 
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dir ction) were used to detect the leading and trailing 
edges of the paper P, which is conveyed in the second 
scanning direction, the width of the output variation 
interval will increase as shown in Fig. 6(c), thereby 
increasing the detection error. Accordingly, if it is 
desired to detect the leading and trailing edges of the 
paper P by the media sensor 68 with high accuracy, the 
light-emitting element 82 and light-receiving element 83 
should be aligned with the sheet conveying direction (second 
scanning direction) as shown in Fig. 6(d>. 

The present inventor measured sensor output while 
varying the inner diameter Xc of the coinmon opening 85b (Fig. 
4 ) . The results of these measurements will be described 
using the graph of waveforms shown in Fig. 7, In Fig. 7, 
the horizontal axis represents the amount of movement (mm) 
of the media sensor 68, while the vertical axis represents 
the sensor output (V) . 

Measurements were conducted using six types of caps 85 
with varying inner diameters Xc: 2.0 mm, 2.5 mm, 3.0 mm, 3.5 
ram, 4.0 mm, and 5.0 mm. It is noted that the outer 
diameters of the light-emitting element 82 and the light- 
receiving element 83 were each set to 2.2 mm; the distance 
between the centers of the light-emitting portion and the 
light-receiving portion was 2.8 mm; the thickness Xd of the 
wall portion 85d was 1.0mm; the distances Xa from the light- 
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emitting portion 82 and fro., the light^receiving portion 93 
,:o the wall portion 85a each 5.0 m; and the distance Xb 
f^on. the vall portion 85a to the sheet of paper P and to the 
platen 17 was 5.0 mm- The inventor disposed the media 
sensor SS in a region that is outside the paper P and is 
away from the edge of the paper P by 52.8 nm. The inventor 
then conducted measurements by moving the media sensor 68 
from the area outside the paper P Iblack platen 17) to the 
paper P, while recording sensor output. It is noted that 
the light-emitting element 82 and light-receiving element 83 
were aligned with the moving direction of the media sensor 
68, in Fig. 7, the position at which the movement is 52.8 
^, indicated by the arrow, is the actual position of the 

edge of the paper P. 

Based on the waveforms of measured values in Fig. 7, 
the width of the interval in which the sensor output changes 
from HIGH level to LOW level increases as the inner diameter 
xc increases. As described above, when the width of the 
output variation interval increases, sensor response slows, 
increasing the error in paper edge detection. Hence, it is 
known that a smaller value of inner diameter Xc is 
preferable. By setting the inner diameter Xc to 3.5 mm or 
less, for example, the output variation interval can be 
restricted to 2 mm or less. At this level, detection errors 
can be decreased sufficiently to avoid problenis in use in 
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the printer 3, thereby preventing a drop in detection 
precision. 

on the other hand, as the inner diameter Xc is set 
smaller, the difference between the sensor output at HIGH 
level and LOW level also grows smaller. Therefore, it may 
be impossible to detect variations in the sensor output if 
the inner diameter Xc is set too small. The inner diameter 
xc must be set large enough to differentiate between the 
sensor output at HIGH level and LOW level. 

For example, when the inner diameter Xc is set to 2.5 
xnm or greater, a difference in sensor output at HIGH level 
and LOW level of 0.5 V or greater can be achieved, enabling 
easy detection of a change in level of sensor output. In 
this way, a sufficiently large variation in sensor output 
can be attained without causing problems in using the 
printer 3, thereby preventing a drop in detection precision. 

Based on the results of these measurements, the media 
sensor 68 will have sufficient detection precision by 
forming the common opening 85b with an inner diameter Xc 
within a range of 2.5 to 3.5 mm. Since the inner diameter 
xc in the preferred embodiment is 3.0 mm, the media sensor 
68 has sufficient detection accuracy, and the printer 3 can 
accurately detect the edge of the paper P- 

It is confirmed by the measurement results that by 
setting the inner diameter Xc within the range 2.5-3.5 mm. 
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the area of variation in sensor output signals (voltage) at 
the border area between the paper P and the region outside 
the paper P can be decreased and at the same tiioe, the 
difference in sensor output signal levels (HIGH level and 
LOW level) at the paper P and the region outside the paper P 
can be set large enough that the two are distinguishable. 
It is noted that the area of sensor output signal variation 
is the output variation interval in which sensor output 
varies between LOW level and HIGH level. By decreasing this 
area of sensor output signal variation, it is possible to 
distinguish the paper P from the area outside the paper P in 
finer units of measurement, thereby achieving a high- 
performance sensor with minimum detectable units of 
n^easurement. Since the paper P can easily be differentiated 
by setting the difference in sensor output signal level for 
the paper P and the area outside the paper P large enough to 
be distinguishable, the present embodiment can prevent a 
decline in detection accuracy. Accordingly, this 

reflection-type optical sensor 68 can reduce the minimum 
detectable units of measurement and can achieve a high 
performance capable of suppressing a drop in detection 
accuracy . 

As described above, the media sensor 68 provided in 
the multifunction device 1 (more specifically the printer 3) 
of the preferred embodiment includes the cap 85 having the 
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„ op.nin, 8Sb. The op 8S c«> x„trict tne an^l.r 
ranse of light «.itt.d fr«. the li,ht-«^tti„g el«.ent S2 
ano the ««.la. "n,e ll*t receivable by the ll,ht- 
.eceivin, element 83 and can suppress the e«ects ef 
«tem.l disturbance. Hence, even when e,«ploying 

inexpensive ele,»nts with low directivity as the light- 
emitting element 82 and light-receiving el«..nt 83, is 

4- B Hrot) in detection accuracy for 
possible to prevent a drop in 

applications having a narrow desired detection area. 
Further, since the bottom wall portion 85a is designed to 
reduce the overlapping area on the paper P between the 
irradiation area of detecting light and the area of light 
that can be received by the light-receiving element 63, 
variations In the amount of reflected light in the target 
detection area can be satisfactorily detected. Since light- 
endtting and light-receiving elements with low directivity 
are less expensive than those with high directivity, the 
reflection-type optical sensor 68 of the present en±.odiment 
can be .inanufactured at a cost less than media sensors 
equipped with elements having high directivity. 

In the media sensor 68 of the preferred embodiment, 
the light-emitting element 82 and light-receiving element 83 
are disposed with their central axes 82c and 83c extending 
parallel with each other and in a direction perpendicular to 
the surface of the paper P (the detecting surface) and not 
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in a direction slanted in relation to the paper P (object of 
detection). Thi, configuration reduces the amount of 
variation in the angle of reflected light caused by changes 
in the angle of detecting light incident on the paper P in 
comparison to sensors having elements disposed at a slant to 
the paper P. Hence, the present embodiment can suppress a 
decline in detection accuracy caused by error in the angle 
at which the light-emitting element and light-receiving 
element are disposed, and error in the angle at which the 
media sensor 68 is disposed. 

By disposing the light-emitting element 82 and the 
light-receiving element 83 with their central axes 82c, 83c 
extending parallel to each another, the area in which the 
elements 82 and 83 are disposed in the media senspr 68 can 
be made smaller than when the elements are arranged at a 

slant. . • 

Accordingly, the media sensor 68 of the preferred 
embodiment can prevent reductions in detection accuracy 
caused by errors in positioning angles and can keep costs 
low. The media sensor 68 can also prevent a decline in 
detection accuracy caused by external disturbance and can be 
produced at an even smaller Size. 

Further, by disposing the light-emitting element 82 
and the light- receiving element 83 with their central axes 
82c, 83c extending parallel to each other, the distance of 



35 



the paths along which the detecting light and reflected 
light travel can be made shorter than when disposing the 
elements at a slant, thereby reducing the degree at which 
the reflected light attenuates on the traveling path prior 
to reaching the light- receiving element 83. Hence, even the 
light-receiving element 83 with low directivity can 
satisfactorily receive reflected light, while preventing a 
decline in accuracy for detecting the paper P. 

The media sensor 68 is configured by disposing the 
light-emitting element 82 and the light-receiving element 83 
such that the distance from the emission portion 82a to the 
common opening 8Sb is approximately equal to the distance 
from the light-receiving portion 83a to the common opening 
85b. This configuration prevents the light-emitting element 
82 and the light-receiving element 83 from obstructing the 
passage of detecting light and reflected light. If the 
distance from the emission portion 82a to the common opening 
85b were different from the distance from the light- 
receiving portion 83a to the common opening 85b, either the 
light-receiving element 83 will be disposed on the 
propagating path of the detecting light and will block the 
passage of detecting light, or the light-emitting element 82 
will be disposed on the propagating path of the reflected 
light and will block the passage of reflected light. In 
contrast, according to the present embodiment, when the 
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distance from the emission portion 82a to the common opening 
85b is substantially equal to the distance from the light- 
receiving portion 83a to the common opening 85b, the light- 
receiving element 83 is not at a position blocking the 
passage of detecting light and the light-emitting element 82 
is not at a position blocking the passage of reflected light 
because the light-emitting element 82 and light-receiving 
element 83 are juxtaposed. Therefore, the media sensor 68 
enables the light- receiving element 83 to continuously 
receive reflected light, thereby preventing a decline in 

detection accuracy. 

The media sensor 68 is also configured such that the 
center of the common opening 85b is disposed along the 
imaginary line 85c that extends perpendicular to the surface 
of the paper P and that extends from the approximate center 
of the line segment LO that connects the emission portion 
82a and the light-receiving portion 83a. 

Accordingly, the shortest path from the light-emitting 
element 82 to the light-receiving element 83 via the paper P 
20 (in other words, among the propagating paths of detecting 
light and reflected light) falls within the target detection 
area SI. When the propagating paths are shortest, it is 
possible to minimize attenuation of the detecting light and 
reflected light, thereby suppressing the reduction in the 
25 amount of the reflected light received by the light- 
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receiving element 83. ^ 

The carriage 11 Is capable of moving along the guide 
.naft 25 above the paper P in order to d.tect the position 
of the paper P (specifically the edges of the paper P, . The 
carriage 11 includes the media sensor 68 on the print head 
10 for detecting the paper P. As described above, the media 
sensor 68 is a" small inexpensive sensor with excellent 
detecting accuracy. Hence, by using the media sensor 68 to 
detect the position of the paper P, this carriage 11 can 
suppress such adverse effects as error in the angle at which 
the media sensor 68 is disposed and can improve the accuracy 
in detecting the position of the paper P. Since the media 
sensor 68 is also inexpensive to produce, the cost of the 
carriage 11 can also be reduced. Further, since the media 
sensor 68 is compact, the overall size of the carriage 11 
can also be made smaller. Accordingly, the carriage 11 can 
detect the position of the paper F with good accuracy and 
can be made small and at a low cost, making the carriage 11 
suitable for a wider range of applications. 

The printer 3 of the preferred embodiment is a 
printing device for printing text and graphics on a paper P- 
During the printing process, the carriage moving mechanism 
13 receives commands from the control process unit 70 based 
on detection results from the media sensor 68 in detecting 
the edges of the paper P and moves the carriage 11 and print 
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nead 10 base<. on these commands, while the paper conveying 
mechanism 14 conveys the paper P- 

AS described above, the media sensor 68 suppresses 
such adverse effects as error in the angle at which the 
„,edia sensor 68 is disposed and outside disturbance, thereby 
improving the accuracy in detecting edges of the paper P. 
Accordingly, the printer 3 can determine the position of the 
print head 10 in relation to the paper P with improved 
accuracy based on the detections by the media sensor 68 and, 
hence, can determine the position at which the printing 
process is performed on the paper P with accuracy. Further, 
since the media sensor 68 can be manufactured in a compact 
size and at a low cost, the cost and size of the overall 
printer 3 can also be reduced. 

The printer 3 can perform a printing process on the 
paper P with good accuracy, and the size and cost of the 
printer 3 can be reduced, thereby achieving a data 
processing apparatus that can be used for a broader range of 
appl icat i on s . 

The media sensor 68 is disposed in the printer 3 such 
that the outer gap Xb from the common opening 8Sb 
(specifically the outer surface of the bottom wall portion 
85a) to the paper P is approximately equal to the interior 
gap Xa from the emission portion B2a and light-receiving 
portion 83a to the common opening 85b (specifically the 



39 



inner surface of the bottom portion 85a). In this way, the 
angle at which detecting light and reflected light can 
propagate can be set to a suitable range, and the target 
detection area Si of the media sensor 68 can be set to a 
suitable size. In contrast, if the distance from the common 
opening 85b to the paper P is excessively shorter or longer 
than the distance from the emission portion 82a and light- 
receiving portion 83a to the common opening 85b, then the 
angle at which the detecting light and reflected light can 
propagate may be set to an inappropriate range that could 
make the target detection area SI too small or too large. 

Since the target detection area SI can be set to an 
appropriate size, the printer 3 can improve accuracy in 
detecting the paper P and can improve the accuracy of the 
data control process for the paper P. 

Since the media sensor 68 is disposed in the printer 3 
such that the light-emitting element 82 and light-receiving 
element 83 are aligned with the direction in which the 
carriage 11 moves reciprocally, the portion of the target 
detection area SI through which the paper P passes is 
shortened, thereby decreasing the effective target detection 
area Si (width along the detecting direction) . Hence, the 
printer 3 can suppress the effects of disturbance and can 
lower detection error. In this embodiment, since the 
direction in which the carriage 11 moves is the same as the 
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widthwise direction of the paper P, th printer 3 can 
improve the accuracy for detecting both ends of the paper P 
in the widthwise direction. 

AS described above, according to the present 
embodiment, the znedia sensor 68 includes the cap 85 with the 
cotmncn opening 85b for restricting the beam spread of light 
emitted from the light-emitting element 82 and the range of 
light receivable by the light-receiving element 83, while 
suppressing the effects of disturbance. Accordingly, the 
media sensor 68 can prevent a decline in detection accuracy 
while using inexpensive elements with low directivity. 
Since the light-emitting element 82 and light-receiving 
element 83 are oriented perpendicularly to the paper P, the 
media sensor 68 is superior to sensors equipped with 
elements disposed at an angle to the paper P by avoiding a 
decline in detection accuracy caused by errors in the 
angular positioning of the elements, errors in angular 
positioning of the sensor itself, and the like, and by 
reducing the space required in the sensor to dispose the 
elements, thereby reducing the size of the sensor. 
<Modif ications> 

The above-description is for the case where it is 
desired to improve the precision for detecting the left and 
right edges of the sheet of paper P. However, when it is 
desired to in^rove the precision for detecting the leading 
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edge of the sheet of paper P Hioie than the precision for 
detecting the left and right edges of the sheet of paper P, 
tl.e media sensor 68 is provided on the print head 10 such 
that the light-emitting element 82 and light-receiving 
element 83 are aligned in a direction perpendicular to the 
laoving direction of the carriage 11- m other words, the 
light-emitting element 82 and light-receiving element 83 are 
aligned in the direction in which the paper P is conveyed by 
the paper conveying mechanism 14. In other words, the 
light-emitting element 82 and light-receiving element 83 are 
aligned with the second scanning direction as shown in Fig. 
6(d). Accordingly, the width Lw of the effective target 
detection area Si of the media sensor 68 in the detecting 
direction is small relative to the length Lh. Thus, the 
light-emitting element 82 and light-receiving element 83 are 
arranged to shorten the dimension of the paper P passing 
through the target detection area Si. 

Hence, the printer 3 can reduce the effective target 
detection area SI of the media sensor 68 and suppress the 
effects of disturbance, thereby reducing detection error. 
The carriage 11 is moved in the same direction as the 
widthwise direction of the paper P. It is possible to 
improve the accuracy in detecting edges of the paper P on 
the lengthwise ends (leading edge and trailing edge) . 

To in^rove the precision for detecting both left and 



42 



right edges and leading and trailing edges of the paper P, 
it is preferable to provide the print head 10 with two media 
sensora 68, each having its light -emitting and llght- 
receiving elements aligned in the appropriate direction for 
in^prcving the detection accuracy for each edge. That is, 
one of the two media sensors 68 is disposed with its light- 
emitting and light-receiving elements 82 and 83 being 
aligned as shown in Fig. 6(a) in the carraige conveying 
direction (first scanning direction) that is perpendicular 
to the sheet conveying direction (second scanning direction) . 
This iinproves the detection accuracy for left and right 
edges of each edge. The other media sensor 68 is disposed 
with its light-emitting and light-receiving elements 82 and 
83 being aligned as shown in Fig. 6 (d) in the sheet 
conveying direction (second scanning direction). This 
improves the detection accuracy for leading and trailing 

edges of each edge. 

in such a case, the media sensors 68 can detect the 
leading edge of the paper P in the direction that the paper 
P is conveyed by the paper conveying mechanism 14 and the 
left and right edges of the paper P. By detecting the 
leading edge and the left and right edges of the paper P 
with the media sensors 68, the printer 3 can suitably detect 
the size of the paper P. The printer 3 can also 
appropriately detect the current position of the paper P 
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based on the detected position of the leading edg of the 
paper P detected by the media sensor 68 and the amount that 
the paper P is conveyed by the paper conveying mechanism 14, 
By appropriately determining the size and position of the 
paper P, the printer 3 can accurately set the position for 
performing a printing process on the paper P and can print 
on the paper P with accuracy* 

The media sensor is not limited to one having a single 
opening formed in the bottom portion of the cap, but can be 
provided with a cap having a plurality of openings. 

Fig. 8 is an explanatory diagram illustrating the 
cross-sectional structure of a modification of the media 
sensor 68 (which will be referred to as a second media 
sensor 91 hereinafter) , The second media sensor 91 is 
provided with a cap 93 (which will be referred to as a 
second cap 93 hereinafter) having two openings - 

The second media sensor 91 is the same as the media 
sensor 68 of the above -de scribed embodiment except that the 
second cap 93 is used in place of the cap 85. 

The second cap 93 is cylindrical in shape and has a 
bottom wall portion 93a. The second cap 93 is capable of 
accommodating the main sensor unit 80, The main sensor unit 
80 is mounted in the second cap 93. An emission opening 93b 
for allowing the passage of detecting light and a reception 
opening 93c for allowing the passage of reflected light are 
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formed through the bottom wall portion 93a. Each of the 
emission opening 93b and the reception opening 93c is 
circular in shape and has an inner diameter Xg of 2.0 i«n. 

Since the light-emitting element 82 has high 
directivity near the center of the element, the brightness 
near the center is high. Similarly, since the light- 
receiving element 83 has high directivity near the center of 
the element, the light receiving sensitivity near the center 
is high. Accordingly, the media sensor 91 having the second 
cap 93 with openings 93b, 93c of inner diameters Xg - 
approximately 2.0 mm can obtain the same output as the media 
sensor 68 having the cap 85. 

The second cap 93 is configured such that a thickness 
Xh of the bottom wall portion 93a is 1,0 mm and the interior 
distance xe from the inner surface of the bottom wall 
portion 93a to the end surface 81a of the main sensor unit 
80 (filler material 81) is 5.0 mm. 

The second media sensor 91 is mounted on the sensor 
mounting unit lOe so that an outer distance Xf from the 
outer surface of the bottom wall portion 93a to the platen 
17 and the paper P is 5.0 mm. 

The center of the emission opening 93b falls on an 
imaginary line 93bc that is perpendicular to the surface of 
the paper P and that extends from some point in a first line 
segment Ll. The first line segment LI extends from the 
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center point of th. eml«lo. portion 82a to the center point 
of the line segment 1,0 that connect, th. center ot the 
e^s.ion portion e2a and th. center of the light-receivin, 
portion 83a. 

Similarly, the center of the reception opening 93c is 
positioned on another imaginary line 93cc that i» 
perpendicular to the surface of the paper P and that extends 
from some point in a second line segment L2. The second 
line segment L2 extends from the center point of the light- 
receiving portion 83a to the center point of the line 
segment LO. 

Fig. 9 is an explanatory diagram illustrating a target 
detection area S3 of the second media sensor 91. The target 
detection area S3 is the area in which an irradiation area 
S3a of detecting light irradiated by the light-emitting 
element 82 and restricted by the emission opening 93b 
overlaps a light-receiving area S3b from which reflected 
light regulated by the reception opening 93c can be received 
by the light-receiving element 83. The target detection 
area S3, the irradiation area S3a, and the light- receiving 
area S3b are defined on the imaginary plane, on which the 
sheet of paper P and the platen 17 are located. 

The second media sensor 91 is provided with the 
openings 93b and 93c, which correspond to the elements 82 
and 83, respectively. By varying the size of the openings 
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93b and 93c according to the application of the sensor 91 
,ncl the measuring environment, it is possible to regulate 
independently the amount of detecting light that passes 
through the opening 93b and the amount of reflected light 
that passes through the opening 93c. Therefore, the second 
„..dia sensor 91 can improve detecting precision by making .t 
possible to set appropriate values for the amount of 
detecting light that passes through the opening 93b and for 
the amount of reflected light that passes through the 

opening 93c individually- 

While the invention has been described in detail with 
reference to the specific embodiment thereof, it would be 
apparent to those skilled in the art that many modifications 
and variations may be made therein without departing from 
the spirit of the invention, the scope of which is defined 
by the attached claims. 

The applications of the media sensor 68 are not 
limited to printers, but also to other various data 
processing devices including copiers, scanners, and 
facsimile devices. In these devices, detection accuracy can 
be improved for detecting the paper size of an original 
being scanned. For example, a scanning mechanism for 
scanning the original to acquire data of text, graphics, 
in«ges, and the like from the original P is mounted on the 
carriage 11- The scanning mechanism therefore moves 
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process. Both of .h, .canning ,nech.nls» and th, print head 
My be mountad on the carriage H- 

rorther, th. outer dia^etera o£ the light-emittln, and 
light-raceivin, elea«nt. 82, 83 are not limited to 2.2 ^. 
but can atill i^ro,. detection accuracy »hen they are set 
within a range of 2.0 to 2.4 nim. 

in the embodiment described above, the media sensor 68 
is mounted on the print head 10, but the media sensor 68 can 
also be directly mounted on the carriage 11 . 

Further, the carriage 11 is not limited to a 
construction for supporting the print head 10, but the print 
head 10 and the carriage 11 can also be formed integrally. 
Because the media sensor 68 has the cap 85, it is possible 
to prevent the light-emitting element 82 and light-receiving 
element 83 from becoming soiled by the spray of ink droplets 
or mist, thereby preventing a decline in accuracy caused by 
adhering ink droplets and the like. Further, the cap 85 can 
suppress a decline in detection accuracy caused by the 
effects of disturbance light from outside the paper P. 

In the above description, the light-emitting element 
82 and the light-receiving element 83 are disposed so that 
the distance from the light-emitting portion 82a to the wall 
portion 85a is approximately equal to the distance from the 
light-receiving portion 83a to the wall portion 85a. 
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However, the distance from the light-emitting portion 82e to 
the wall portion 85a may be different from the distance from 
the light-receiving portion 83a to the wall portion 85a- In 
such a case, a distance from the opening 85b to the paper P 
be subatantially equal t6 either one of the distance 
from the light-emitting portion 82a to the wall portion 85a 
and a distance from the light-receiving portion 83a to the 
wall portion 85a. 
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